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ii
 Appendix D to the 1976 Annual Report on Great Lakes Water Quality is
the second annual report submitted by the Radioactivity Subcommittee to the
Implementation Committee and to the Great Lakes Water Quality Board. The
Appendix contains detailed information and data available as of May 1977
regarding radioactivity in the Great Lakes Basin. A summary of this Appendix
appears in the Board's Fifth Annual Report to the International Joint
Commission.
Though the Board has reviewed and approved the Subcommittee's report
for publication, some of the specific conclusions and recommendations
contained in this Appendix may not be supported by the Board.
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 ﬂ INIIIIIIIIIIIIIIIN
This annual report of the Radioactivity Subcommittee of the Water Quality
Board's Implementation Committee outlines all nuclear operations in the Great
Lakes Basin and describes the status of radiological surveillance programs.
An assessment is made of the data arising out of these programs for the year
1976. The development of this subcommittee and its terms of reference were
described in the previous annual report (1).
Currently there are 20 nuclear power reactors in operation on the Great
Lakes using the water of the lakes for condenser cooling. Information on
these is given in Table 1 while those which are under construction are des—
cribed in Table 2.
Uranium is mined and milled in the Elliot Lake area of Ontario which
drains to the North Channel of Lake Huron via the Serpent River. The uranium
oxide is refined at Port Hope for use as fuel in CANDU reactors; some is also
converted to UFG for export. Process wastes are disposed of at Port Granby,
about 15 km west.
A nuclear fuel reprocessing plant, currently not operating, is situated
at West Valley, New York, on Cattaraugus Creek which empties into Lake Erie,
southwest of Buffalo.
The geographical locations of these nuclear facilities are shown in
Figure 1.
Other potential sources of water—borne radioactive material include
releases from medical, educational, and research and development facilities by
way of municipal waste waterdischarges to the Great Lakes.
  
 TABLE 1
OPERATING NUCLEAR GENERATING STATIONS, 1976
 
REACTOR ELECTRICAL
LAKE STATION LOCATION TYPE POWER, MW
MICHIGAN Zion I & II Zion, Illinois PWR 2 X 893
Kewaunee Carlton, Wisconsin PWR 541
Point Beach Manitowoc County, PWR 2 X 497
I & II Wisconsin
Palisades Covert Township, PWR 700
Michigan
Big Rock Point Charlevoix County, BWR 75
Michigan
Cook 1 Benton Harbor, PWR 1060
Michigan
HURON
Douglas Point
Kincardine, Ontario
CANDU
220
Bruce A Kincardine, Ontario CANDU 4 x 7508
ONTARIO
Pickering A
Pickering, Ontario
CANDU
4 X 540
Ginna Ontario, New York PWR 490
Fitzpatrick Oswego, New York BWR 821
Nine Mile Oswego, New York BWR 625
 
Point 1
    
a.
Units 1 and 2 only.
Units 3 and 4 are expected to come on line in 1978.
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ESTIMATED
REACTOR
ELECTRICAL
COMPLETION
LAKE
STATION
LOCATION
TYPE
POWER,
M
W
DATE
M
I
C
H
I
G
A
N
Bailly
l
Westchester
Township
BWR
645
1981
Indiana
Cook
2
Benton
Harbor,
PWR
1060
1977
Michigan
HURON
Midland
1
&
2
Midland,
Michigan
PWR
2
X
818
1980—82
Bruce
B
Kincardine,
Ontario
CANDU
4
X
750
1983
North
Channel
Ontario
CANDU
4
X
850
1988
ST.
CLAIR
Greenwood
St.
Clair
County,
PWR
2
X
1200
Delayed
RIVER
2
&
3
Michigan
ERIE
Fermi
2
Monroe
County
BWR
1093
1980
Michigan
Davis—Besse
Ottawa
County,
Ohio
PWR
3
X
906
1977-85
1, 2 & 3
Erie
1
&
2
Erie
County,
Ohio
PWR
2
X
1282
1985
Perry
1
&
2
Perry
County,
Ohio
BWR
2
X
1205
1981
ONTARIO
Nine
Mile
Oswego,
New
York
BWR
1080
1982
Point 2
Sterling
1
Sterling,
New
York
PWR
1150
1984
Pickering
B
Pickering,
Ontario
CANDU
4
X
540
1982
Darlington
Oshawa,
Ontario
CANDU
4
X
750
1985
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The proposed refined water quality objective for radioactivity in the
Great Lakes has still not been ratified by the Parties to the Canada—U.S.
Great Lakes Water Quality Agreement.
It would appear to have been acceptable
to federal and provincial governments in Canada that had reviewed the objective.
In the United States, the U.S. State Department published the proposed objective
in the Federal Register, inviting comment by June 1, 1977 (2).
‘ A refined objective is required for satisfactory implementation of the
surveillance plan. Therefore, the slowness of the Parties in taking action to
,
ratify the proposed objective is of major concern to the Radioactivity Subcom—
‘
mittee.
The U.S. and Canadian Radioactivity Advisory Groups achieved consensus
on what the refined objective should be in the fall of 1975.
Representatives
of all concerned federal, state, and provincial agencies were involved in
reaching that consensus.
The Radioactivity Subcommittee views, as extremely important, the early
ratification of the proposed refined radioactivity objective.
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The proposed radioactivity objective for the Great Lakes specifies water
quality in terms of the total equivalent dose (TEDso) to ICRP Reference Man.
The subcommittee agreed that, subject to any future recalculations, the
radiation dose—rate associated with various levels of radioactivity should be
interpreted as the appropriate proportion of the U.S. Environmental Protection
Agency (EPA) drinking water regulations (3) for all radionuclides except
226Ra. For radium, it was agreed to use the dose conversion calculations
provided by Dr. J. Muller (4) in a document circulated to the subcommittee.
Studies of bone sarcoma incidence from radium uptake have shown that the
tiss
ues
most
sens
itiv
e to
abso
rbed
226R
a ar
e th
e ce
lls
at t
he e
ndos
teal
sur—
faces of the bone. These endosteal cells have, therefore, been considered a
separate tissue with regard to apportionment of radiological dose. The ICRP
value of three times the whole body dose assigned to other single organs has
been
allo
cate
d to
endo
stea
l ce
lls.
It i
s ex
pect
ed t
hat
a hi
gher
valu
e t
han
this will appear in the revision of ICRP dose—limit recommendations due to be
published later in 1977.
The subcommittee also agreed to consider, at this time, only those
radionuclides identified as having most relevance as potential contaminants.
The dose conversion factors for these radionuclides are given in Table 3.
 
      
 
 
TABLE 3
DOSE CONVERSION FACTOde
EPA REGULATIONa mrem/a PROPORTION
NUCLIDE ORGAN poi/2 for 4 mrem/a per TO WHOLE BODY
pCi/2 DOSEb
3H Whole Body 20,000 0.0002 1
90Sr Bone marrow 8 0.5 1
5‘0r Castro-intestinal 6,000 0.00068 3
5“Mn Castro-intestinal 300 0.0132 3
5800 Castro-intestinal 300 0.0132 3
60Co Castro-intestinal 100 0.04 3
652m Liver 300 0.0132 3
106Ru
Castro—intestinal
30
0.132
3
1291
Thyroid
1
4.0
6
1311
Thyroid
3
1.32
6
13“CS
Whole Body
80
0.05
1
1370s
Whole Body
200
0.02
1
1“Ce
Castro-intestinal
30
0.132
3
226Ra
Bone endosteal cells
—
4.16
3C
a. From Reference (3).
b. From Reference (5).
c. See Reference (4) and text.
d.
Until
revised
ICRP
recommendations
for
50-year
dose
commitments
are
published.
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One activity of the Radioactivity Subcommittee during 1976 was coordin-
ation of Great Lakes radiological surveillance programs carried out by state,
provincial, and federal agencies. Each agency was requestedto provide a
memb
er
to t
he s
ubco
mmit
tee
or t
o id
enti
fy a
cont
act
for
tran
sfer
of m
onit
orin
g
information.
PRESENT PROGRAMS
Present Great Lakes monitoring programs are tabulated by agency in Table
4. These programs are designed to meet the jurisdictional criteria outlined
in T
able
5.
Each
prog
ram
is s
peci
fied
acco
rdin
g to
type
of a
rea
moni
tore
d as
defi
ned
in t
he p
ropo
sed
radi
oact
ivit
y ob
ject
ive,
i.e.
"ope
n la
ke"
and
"sou
rce
cont
rol
area
”.
Also
, a
numb
er o
f pu
blic
drin
king
wate
r s
uppl
ies
have
been
sel
ect
ed
sin
ce
the
y r
epr
ese
nt
loc
ati
ons
at
whi
ch
hum
an
int
ake
of
rad
ion
ucl
ide
s
can be measured directly.
The
cru
cia
l c
olu
mn
of
Tab
le
4 i
s t
hat
hea
ded
"pa
ram
ete
rs
mon
ito
red
" i
n
whi
ch
the
rad
ion
ucl
ide
s d
ete
rmi
ned
are
spe
cif
ied
.
If
the
mea
sur
eme
nt
per
—
for
med
is
"gr
oss
a"
or
"gr
oss
B",
the
n n
o d
ete
rmi
nat
ion
of
rad
iol
ogi
cal
dos
e
can
be
mad
e a
lth
oug
h t
he
mea
sur
eme
nt
may
be
use
ful
for
scr
een
ing
pur
pos
es.
As
mos
t o
f t
he
pro
gra
ms
are
of
the
scr
een
ing
typ
e,
the
y p
rov
ide
lit
tle
inf
orm
ati
on
on radiological dose. ~
Alt
hou
gh
Qué
bec
wat
ers
of
the
St.
Law
ren
ce
Riv
er
are
not
inc
lud
ed
in
the
Can
ada
/U.
S.
Wat
er
Qua
lit
y A
gre
eme
nt,
the
riv
er
doe
s,
in
fac
t,
dra
in
the
Gre
at
Lak
es.
Rad
ion
ucl
ide
s w
hic
h a
re
not
sed
ime
nte
d o
ut
in
the
Gre
at
Lak
es
wil
l
the
ref
ore
con
tin
ue
on
dow
n
the
St.
Law
ren
ce,
and
the
mon
ito
rin
g
car
rie
d
out
by
the
pro
vin
ce
and
by
Hea
lth
and
Wel
far
e C
ana
da
cou
ld
be
of
val
ue
to
the
Gre
at
Lakes surveillance program.
REQUIRED PROGRAM
Th
e
pr
og
ra
m
re
qu
ir
ed
to
me
as
ur
e
co
mp
li
an
ce
wi
th
th
e
pr
op
os
ed
ra
di
oa
ct
iv
it
y
ob
je
ct
iv
e,
wh
ic
h
is
ba
se
d
on
ra
di
ol
og
ic
al
do
se
to
an
in
di
vi
du
al
dr
in
ki
ng
wa
te
r
fro
m t
he
Gre
at
Lak
es,
was
giv
en
in
las
t y
ear
's
rep
ort
(1)
.
Thi
s
rad
iol
ogi
cal
su
rv
ei
ll
an
ce
pl
an
is
pa
rt
of
th
e
ov
er
al
l
Gr
ea
t
La
ke
s
su
rv
ei
ll
an
ce
pl
an
pr
op
os
ed
by
th
e
Su
rv
ei
ll
an
ce
Su
bc
om
mi
tt
ee
.
It
in
vo
lv
es
sa
mp
li
ng
la
ke
wa
te
r
at
th
e
per
iph
ery
of
the
sou
rce
con
tro
l
are
a
for
eac
h
nuc
lea
r
fac
ili
ty,
in
the
ope
n
lak
e,
an
d
at
se
le
ct
ed
wa
te
r
in
ta
ke
s.
Th
es
e
sa
mp
le
s
ar
e
th
en
an
al
yz
ed
fo
r
a
se
t
of
ra
di
on
uc
li
de
s
de
pe
nd
in
g
on
th
e
ty
pe
of
nu
cl
ea
r
fa
ci
li
ty
be
in
g
mo
ni
to
re
d.
Ta
bl
e
6
li
st
s
lo
ng
er
—l
iv
ed
ra
di
on
uc
li
de
s
wh
ic
h
mi
gh
t
be
ex
pe
ct
ed
to
be
re
le
as
ed
fro
m d
iff
ere
nt
kin
ds
of
nuc
lea
r
ope
rat
ion
s
and
tho
se
tha
t
occ
ur
fro
m f
all
out
from nuclear weapons testing.
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 TABLE A
RADIOACTIVITY SURVEILLANCE PROGRAMS ON THE GREAT LAKES - 1976/77
AGENCY 0R
JURISDICTION
TYPE OF PROGRAM
LOCATIONS WNITORED
PARAMETERS MONITORED
SAMPLE TYPE AND
COLLECTION FREQUENCY COMMENTS
Canada Dept. of
Fisheries and
Environment
Open Lake
Open waters of Lake Superior.
Lake Huron, Lake Erie, and
Lake Ontario
3“, 1255b. 137cs‘ aosr.
other Y-emitters
Annual, surface and bottom
grab
3 stations par lake
Ontario MOE and MOL Source control
area
Bruce, Pickering
Near Port Granby and Welcome
disposal areas, Port Hope
Harbour
Serpent River mouth
3Hg gross a, gross B
22 Ra, U, gross o
2Z6Ra, U. gross a
Crab, 6 per annum
Crab, 2 per annum
Crab, 3 per annum
Several stations per site
Several stations per site
One station
Canada Dept. of
National Health
and Welfare
Raw water supply
Trested water
supply
Kincardine. Port Elgin,
Pickering, Ajax, Toronto.
Becancour, Grondines,
St. Romuald
Elliot Lake
7
905?, 13 CS
zzsRa' Zlupb‘ U
Daily grabs, composited
monthly
Monthly grabs
U.S. EPA
Near source
control areas
Lake Michigan - 5 stations,
Lake Erie — 2 stations,
Lake Ontario — 1 station
3H and V—scan Quarterly grab for 3H;
Annual grab for Y—scan
New York Dept. of Source control Cattaraugus Creek (at Irving) 3H, gross 8 Monthly Y—scan if gross 8 >50 pCi/l
Environmental area
Conservation Source control Nine Mile Point I 3H, gross 8 Monthly
area
Raw water supply Angola aH, gross 8 Weekly
Raw water supply Sturgeon Point 3H, °Sr, Y-scan Monthly Also treated water
Raw water supply Niagara Falls, N.Y. Cross 8 Monthly 0Sr 5 y-scan by ion-
exchange
Raw water supply Ontario, N.Y. 3H, 9°Sr, I“I, Y-scan Monthly 3H by enrichment
and source
control area
Treated water Osuego 3H, gross B Biweekly Measured at city hall tap
supply
Pennsylvania Raw water supply Erie 3H, 9°Sr, y—scan Monthlycomposited sample
Ohio EPA Raw water supply Toledo, Port Clinton, Sandusky, Gross a. gross 8 Monthly grab Analysis by Ohio DOH
Huron, Lorain, Cleveland
Michigan Dept. of
Public Health and
Dept. of Natural
Resources
Source control
area
Source control
area
Source control
area
Treated water
supply
Palisades, Cock
Big Rock
Fermi
9 Water Intakes
3H. gross 8. Y-scan
3H, gross a, grass 8
y-scan
3H, gross B, yoscan
Gross a, gross 8, 90Sr,
Y-scan
Monthly grab
Monthly grab
Monthly grab
Quarterly composite
Five stations at each site
Five stations at site
One station at site
Illinois Dept. of
Public Health
Source control
area
Raw water supply
Zion
6 locations
3H, gross a. gross 8
3H, gross a. gross 8
Quarterly grab
Quarterly grab
If gross 6 >30 pCi/l, or
if gross 8 >60 pCi/l,
then Y—scan
9°Sr possible
Indiana Stream
Pollution Control
Board
Raw water supply
Michigan City, Gary, Hammond,
East Chicago. Whiting
Gross u. gross 6 Monthly grab
Analyses by Indiana State
Board of Health
Wisconsin Dept. of
Natural Resources
Source control
area
Source control
area
Point Beach
Kewaunee
lH, gross a. grass 8
9°Sr, Y—scan
Semi-annual grab at
5 stations
Quarterly grab at
2 stations
Analyses by Wisconsin
Dept. of Health and
Social Services
Minnesota
NONE
 
Quibac BPS
 
Source control
area
Sediments and
biota
Raw water supply
 
Gentilly, St. Lawrence River
St. Lawrence River
3 locations
3H, gross B. y-scan
Cross 8. y-scan
Cross 8
 
 
Monthly grab during summer
Monthly grab during summer
Daily grab. composited
monthly
 
By Hydro-Québec 3 stations
upstream and downstream
By Hydro Québec 3 stations
upstream and downstream
Québec CPS will commence
3H and v—scan in early
1977.
10
 
 TABLE 5
WATER QUALITY CRITERIA,
STANDARDS, OBJECTIVES, AND GUIDELINES FOR RADIOACTIVITY IN THE GREAT LAKES
 
WATER USE AND AGENCY CRITERIA, STANDARDS; OBJECTIVES; AND GUIDELINES REFERENCE
Raw Water
Agreement Objective Lowest practicable levels. 6
Proposed Agreement Objective water quality outsideof a source control araa shall not raault in a lego graatar 2
than 1 mrem to the whole body from daily ingestion of 2.2 i of lake water for
one year.
Canadian Federal Guidelines
Objective for 168 hour week: 0.1 ICRP (MPC)w The objective may be achieved if groas radionctivity in water 7
Acceptable for 168 hour week: 0.33 ICRP (MPG)w is maintained at <10 pCi/i. ICRP (MPC)w - Intarnational
Maximum permissible for 168 hour Commission on Radiological Protection Maximum Parmiaaibla Con-
week: 1 ICRP (MPC)w centration in water.
Michigan State Standard In accordance with and subject to the criteria. standards, or requirements prascribad I
by the 0.5. Atomic Energy Commission as set forth in the applicable coda of
Federal Regulations, Title 10, Part 20 and 0.5. EPA drinking water regulations.
Minnesota State Standard Not to exceed the lowest concentrations permitted to be discharged to an uncontrolled 9
environment as prescribed by the appropriate authority.
Wisconsin State Standard The criteria in the Radiation Protection Code, Wisconsin Administration Code. Section 10
H57.15 shall apply to the disposal and permissible concentrations of radioactiva
substances.
Ontario Provincial Criteria
Desirable: Gross 8 <100 pCi/l ll
226Ra <1 poi/l
5°Sr <2 poi/1
Permissible: Cross 8 1000 pCi/l
ZZGRa 3 poi/t
9°5r 10 pCi/i
Indiana State Standard 12
Cross 8 100 pCi/l These values apply to Lake Michigan and contiguous harbour areas.
225
Ra 1 pCi/i
9°Sr 2 poi/l
Ohio State Standard 13
Cross 8 100 pCi/Z For Lake Erie, values shall not exceed lowest practicable levels
Gross a 3 pCi/l and in any event shall not pose health hazards. Shall adopt
9°Sr 10 pCi/l proposed Agreement objective.
New York State Standard 14
Cross 8 1000 pCi/i For Great Lakes waters, values should be kept at lowest practicable
226Ra 3 pCi/Q. levels.
9"Sr 10 poi/2
Drinking Water
0.5. Drinking Water Standard The average annual concentration of man-made radioactivity shall not produce an annual 15
dose equivalent to the total body or any internal organ greater than 4 mrem/a with
a standard water intake of 2 l/d. The maximum permissible concentration of
naturally occurring radionuclides (226Ra and zmka) shall not exceed 5 pCi/i. The
maximum permissible gross a activity (including 226Ra but excluding radon and
uranium) is 15 pCi/l
Canadian Drinking Water Objectives 7
Objective for 168 hour week: 0.1 ICRP (MPC) The objective may be achieved if gross radioactivity is maintained
Acceptable for 168 hour week: 0.33 ICRP (lichH at <10 pCi/ﬁ.
Maximum permissible for 168 hour
week: 1 ICRP (MPC)w.
Ontario Provincial Drinking Water
Objectives 11
Gross B (9°Sr and a-emitters
absent) 1000 pCi/i
zz‘Ra 3 pCi/i
9°5r 10 pCi/i
Recreation
Canadian Federal Guidelines 16
Cross Radioactivity
Objective: none
Maximum limit: <10 pCi/l
Fish and Aquatic Life
Michig
an Sta
te Sta
ndard
Subjec
t to N
uclear
Regula
tory C
ommiss
ion an
d othe
r appl
icable
agency
regula
tions.
8
Ontari
o Prov
incial
Criter
ia
11
Gross 8 emitters 1000 pCi/i
’Z‘Ra 3 pCi/Q
’°Sr 10 poi/2
Indiana State Standard 17
Cross 8 100 pCi/l Values apply to natural spawning areas, rearing or imprinting areas,
zzeﬂa l pCi/l and migration routes of salmonid fishes.
’“s: 2 pCl/l
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Pb
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Using the dose conversion factors given in Chapter 3, these concentrations
of radionuclides are then converted to radiological dose to the individual
drinking the water for comparison with the proposed one millirem objective for
ambient lake water and with action levels specified for the periphery of the
source control area.
As can be seen from Table 4, the water sampling part of the program is
well established but the specific radionuclide analyses requiredare only
performed by a few of the agencies concerned. Most agencies only carry out
gross a and gross B screening analyses rather than individual radionuclide
analysis because of the relatively high cost of the latter. With current
limitations on budgets, it is becoming increasingly difficult for the agencies
to maintain the current analytical load, so that, in order to upgrade tech~
niques, they will require an infusion of new resources. The Radioactivity
Subcommittee strongly recommends that the Parties allocate resources to the
concerned agencies for this surveillance task.
13
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RELEASES FROM NUCLEAR GENERATING STATIONS
The gaseous and aqueous releases from all nuclear generating stations
situated on the Great Lakes shoreline during 1976 are given in Tables 7 and 8.
RELEASES FROM FUEL REPROCESSING
The Nuclear Fuel Services, Inc. (NFS) facilities are located on a 1,350
hectare tract owned by the New York State Energy Research and Development
Authority. This site is the first and only commercial nuclear fuel repro—
cessing facility to operate in the United States. Facilities at the site
include (a) a spent nuclear fuel reprocessing plant and storage facility, (b)
burial sites for low and intermediate level radioactive solid wastes, (c) a
storage facility for high level radioactive liquid wastes, and (d) a treatment
facility for low level liquid radioactive wastes.
NFS reprocessed approximately 600 tonnes (l tonne = 1000 kg) of spent
reactor fuel at its West Valley facility between April 1966 and early 1972.
In 1972, operations were suspended to modify the facility to increase maximum
hand
ling
capa
city
from
300
to a
ppro
xima
tely
600
tonn
es p
er y
ear
and
to i
mpro
ve
plan
t op
erat
ing
effi
cien
cy.
In S
epte
mber
1976
, NF
S an
noun
ced
its
deci
sion
to
with
draw
from
the
nucl
ear
fuel
repr
oces
sing
busi
ness
.
The
reas
on g
iven
was
‘
the
imp
rac
tic
abi
lit
y o
f i
nit
iat
ing
a n
ew
inv
est
men
t o
f m
ore
tha
n $
600
mil
lio
n
whi
ch
wou
ld
be
nec
ess
ary
to
mee
t r
evi
sed
reg
ula
tor
y r
equ
ire
men
ts
for
fac
ili
ty
I
oper
atio
ns,
part
icul
arly
the
more
stri
ngen
t se
ismi
c re
quir
emen
ts p
ropo
sed
by
the
U.S.
Nuc
lea
r R
egu
lat
ory
Com
mis
sio
n (
NRC)
.
ﬂ
NFS
wit
hdr
ew
pla
ns
for
reo
pen
ing
the
pla
nt
and
ind
ica
ted
its
int
ent
ion
to
I
tra
nsf
er
res
pon
sib
ili
ty
for
mai
nte
nan
ce
of
the
exi
sti
ng
fac
ili
tie
s t
o t
he
New
York
Stat
e En
ergy
Rese
arch
and
Deve
lopm
ent
Auth
orit
y.
Appr
oxim
atel
y 2,
300,
000
lit
res
of
hig
h l
eve
l r
adi
oac
tiv
e w
ast
es
are
pre
sen
tly
sto
red
at
the
Wes
t
‘
Val
ley
site
, i
n a
ddi
tio
n t
o l
ow
lev
el
and
int
erm
edi
ate
lev
el
was
tes
sto
red
in
landfill disposal sites.
L
It
is
the
pos
iti
on
of
the
New
Yor
k S
tat
e E
ner
gy
Res
ear
ch
and
Dev
elo
pme
nt
1
Auth
orit
y th
at t
he f
eder
al g
over
nmen
t sh
ould
assu
me r
espo
nsib
ilit
y fo
r th
e
i
was
tes
and
own
ers
hip
of
the
Wes
t V
all
ey
fac
ili
ty.
7
1
<
L
L
New
Yor
k's
rad
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sur
vei
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pro
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m h
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bui
ldu
p o
f
rad
ioa
cti
vit
y i
n f
ish
and
wil
dli
fe
in
the
lat
e 1
960
's
and
the
sta
te
had
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om-
men
ded
cor
rec
tiv
e a
cti
on.
The
U.S.
NRC
req
uir
ed
NFS
to
sub
sta
nti
all
y r
edu
ce
the
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TABLE 7
GASEOUS DISCHARGES FROM NUCLEAR GENERATING STATIONS, 197661
a—
C U R I E S P E R Y E A R
STATION PARTICULATES 1311 NOBLE GASES 3H
Big Rock Point 0.058 0.011 15,000 7.8
Cook 1 (full power 5/76) 0.000005 0.0014 970 0.1
Douglas Point 0.00023 0.016 27,010 34,310
Fitzpatrick 0.019 0.66 46,000 15
Ginna o_00009 0.032 5,500 24
Kewaunee 0.00024 0.003 1,100 0.7
Nine Mile Point 1 0.1 2.1 176,000 18.5
Palisades 0.014 0.03 30 b
Pickering 0.04 0.0015 2,810 24,090
Point Beach 1 & 2 0.014 0.0024 1,900 390
Zion 1 & 2 0.0029 0.076 142,000 b
a. Information from References (18) and (19).
b. Not available
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 TABLE 8
AQUEOUS
DISCHARGES
FROM
NUCLEAR
GENERATING
STATIONS,
1976a
     
 
C U R I E S P E R Y E A R
STATION
FISSION
& ACTIVATION PRODUCTS
3H
Big Rock Point
0.77
2.4
Cook 1
0.26
190
Douglas Point
0.69
4,672
Fitzpatrick
6.0
4.2
Ginna
0.69
240
Kewaunee
2.8
210
Nine Mile Point 1
2.2
2.5
Palisades
0.044
9
Pickering
0.80
6,059
Point Beach 1 & 2
3.6
690
Zion 1 & 2
b
l
3. Information from References (18) and (19).
b. Not available
TABLE 9
ANNUAL LIQUID EFFLUENTS FROM NUCLEAR FUEL SERVICES PLANTa
m
C T I V I T Y I N C U R I E
DATE GROSS a GROSS B 3H 9 °Sr
1966 0.038 8 290 c
1967 0.056 31 4,200 4
1968 0.140 46 2,600 5
1969 0.380 140 6,000 10
1970 0.100 87 4,500 13.3
1971 0.060 77 3,800 7.8
1972 0.024 43 605 0.7
1973 0.002 1.4 75 0.05
1974 0.007 0.7 43 0.03
1975 0.001 0.5 1,400 0.02
1976b 0.002 0.4 2,317 0.02
   
 
  
a. Information from Reference (20).
b. Includes first week of 1977.
c. Not available.
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discharge of radioactivity to the watershed. A low level waste treatment
(LLWT) facility was installed in 1971. In 1975, the state's surveillance
program detected seepage of water out of the trench cover over the trenches in
the north end of the low level burial site. The LLWT facility was used to
treat the water pumped from the low level waste burial site in 1975 and 1976. I
Table 9 summarizes the annual releases of radioactivity from the NFS
facility. The treated trench water is included in the totals for 1975 and I
1976.
18
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The data collected by state, provincial, and federal agencies from their
Great Lakes radiological surveillance programs for 1976 and submitted to the
Radioactivity Subcommittee have been tabulated and appear as Tables 10 to 25.
19
 TABLE 10
LAKE SUPERIOR OPEN WATERSa
      
STATION DEPTH CONCENTRATION IN pCi/l
NORTH WEST DATE IN
LATITUDE LONGITUDE METRES 1 3 7cS 12 53b
47°02'20" 85°05'54" 10 June 76 l 0.054i0.007 <0.010
75 0.055i0.006 <0.010
147 0.049i0.006 <0.010
47°12'24" 89°40'00" 16 June 76 l 0.052i0.005 <0.0lO
100 0.047i0.005 0.034i0.012
200 0.047i0.005 0.036i0.011
47°50'12" 87°27'00" 12 June 76 l 0.049i0.005 0.038i0.012
100 0.057i0.005 0.028i0.011
200 0.063i0.005 0.019i0.009
a. Information from Reference (21)
20
 
       
TABLE 11
a
LAKE MICHIGAN INSHORE SURFACE WATERS, 1976
SAMPLING STATION CONCENTRATION IN pCi/2
SOURCE LOCATION NUMBER GROSS a GROSS B 3H
'Big Rock Mt. McSauba Pt. SB—l <1 3:2 350:200
Point 0.8 km south of BRP SB—2 <1 2:2 330:200
BRP Plant SB—3 <1 5:2 340:200
0.8 km north of BRP SB-4 <1 3:2 330:200
Nine Mile Pt. SB—S <1 3:2 300:200
Pali
sade
s
Road
side
Park
SP—6
—
3:2
320:
200
Covert Twp. Park SP—2 — 3:2 300:200
Pal
isa
des
Pla
nt
SP—3
—
3:2
310
:20
0
Van Buren State Park SP-4 — 3:2 240:200
South Haven SP—S - 3:2 280:200
Don
ald
Coo
k
Wek
o B
eac
h
SC—l
—
3:2
340
:20
0
0.8 km south of Cook SC—2 — 3:2 350:200
Coo
k P
lan
t
SC—3
—
2:2
350
:20
0
0.8
km
nor
th
of
Coo
k
SC—4
—
3:2
350
:20
0
Cha
let
on
Lak
e
SC—S
-
3:2
350
:20
0
Zio
n
Uni
t 1
& 2
int
ake
#03
020
1
<1
3.2
:1
350
:30
0
Uni
t 1
eff
lue
nt
#03
020
4
<1.
2
3.2
:1
110
0:3
00
Uni
t 2
eff
lue
nt
#03
020
2
<1
6.9
:1
350
:30
0
0.6
km
nor
th
of
Zio
n
#03
020
3
1.3
:1
4.7
:1
450
:30
0
2.1
km
nor
th
of
Zio
n
#03
020
5
1.8
:1
5.0
:1
300
:30
0
Wau
keg
an
P.W
.S.
#03
020
6
<O.
6
2.7
:1
400
:30
0
Nor
th
Chi
cag
o P
.W.
S.
0.8
:0.
6
2.7
:1
400
:30
0
a.
In
fo
rm
at
io
n
fr
om
Re
fe
re
nc
es
(22
)
and
(23
)
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TABLE 12
a
LAKE MICHIGAN INSHORE SURFACE WATER
_ b
CONCENTRATION IN pCl/K
SAMPLE SUSPENDED S O L U B L E
SOURCE LOCATION DATE Gross a Cross 8 Gross a Cross 8 1311 137Cs 9°Sr
Point Beach Coast Guard Station 27 May 76 <1.2 <1.3 <2.4 3.2:0.8 <13 <14 <1.6
22 Nov. 76 <1.6 <1.4 <2.9 2.4:0.7 < 7 < 7 <2
Point Beach Site 27 May 76 <1.2 <1.3 <2.4 2.5:0.7 <13 <14 <2.2
22 Nov. 76 <1.6 <1.4 <2.9 2.8:0.7 < 7 < 7 <1.8
Green Bay Pumping
27 May 76
<1.2
<1.3
<2.4
2.7:0.7
<13
<14
<2
Station
22 Nov. 76
<1,6
<1.4
<2.9
3.7:O.8
< 7
< 7
<1.3
Kewaunee Kewaunee Site 27 May 76 <1.2 <1.3 <2.4 2.320.8 <13 <14 <1.8
22 Nov. 76 <1.6 <1.4 <2.9 l.8:0.7 < 7 < 7 <1.7
Two Creeks Park
27 May 76
<1.2
<1.3
<2.4
2.5:O.7
<13
<14
<2.1
22 Nov. 76 <1.6 l.5t0.6 <2.9 2.7:0.7 < 7 < 7 <1.9
a. Information from Reference (24)
b. A less than value means less than the analytical detection limit for a particular sample.
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 TABLE 13
LA
KE
S
HU
RO
N
AN
D
ST
CL
AI
R
OP
EN
WA
TE
RS
a
       
ST
AT
IO
N
DE
PT
H
CO
NC
EN
TR
AT
IO
N
IN
pC
i/
Q
NORTH WEST IN
LA
TI
TU
DE
LO
NG
IT
UD
E
ME
TR
ES
DA
TE
137
Cs
125
8b
45
°4
3'
12
"
83
°1
7'
30
"
1
20
Ju
ne
76
0.
02
3:
0.
00
3
.0
31
:0
.0
08
45
°1
5'
00
"
82
°5
3‘
00
"
1
21
Ju
ne
76
0.
03
51
0.
00
5
.0
41
:0
.0
12
43
°3
0'
00
"
82
°0
4'
12
"
1
21
Ju
ne
76
0.
01
7i
0.
00
3
.O
38
i0
.0
lO
43
°2
7'
30
"
82
°4
6'
48
"
1
22
Ju
ne
76
0.
01
8i
0.
00
4
.0
33
:0
.0
09
(Lake St. Clair)
a.
In
fo
rm
at
io
n
fr
om
Re
fe
re
nc
e
(2
1)
.
TABLE 14
LA
KE
HU
RO
N
WA
TE
R
IN
TA
KE
S
NE
AR
BR
UC
E
NU
CL
EA
R
ST
AT
IO
N,
19
76
a
LO
CA
TI
ON
CO
NC
EN
TR
AT
IO
N
IN
pC
i/
3L
aoSr 137Cs
Ki
nc
ar
di
ne
.7
1
Po
rt
El
gi
n
.7
4
  
a.
In
fo
rm
at
io
n
fr
om
Re
fe
re
nc
e
(2
5)
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 TABLE 15
 
LAKE HURON - DOUGLAS POINT—BRUCE NUCLEAR POWER DEVELOPMENT SITE
INSHORE SURFACE WATER, 1976a
CONCENTRATION IN pCi/SL
 
NORTH WEST
NUMBER
LATITUDE
LONGITUDE
DATE
GROSS on
GROSS B
3H
113
44°18'24"
81°38'12"
30 April
<1
4
<300
2 May 1 5 <300
9 May 1 3 <300
28 June <1 2 <300
29 June <1 2 <300
30
June
<1
2
<300
114
44°19'42"
81°37'24"
30
April
<1
3
<300
2 May 1 4 <300
9 May
1
4
<300
29
June
1
2
<3OO
30 June <1 9 <300
115
44°20'48"
81°36'08"
30 April
<1
3
<3OO
2
May
1
3
<300
9 May <1 2 <300
28
June
<1
10
<300
29
June
<1
10
<300
30
June
<1
3
<300
116
44°18'24"
81°36'42"
30
April
1
3
<300
2 May
<1
3
<3OO
9
May
<1
2
<3OO
28
June
<1
1
<300
29
June
<1
2
<3OO
30
June
<1
3
<300
117
44°20'09"
81°35'42"
2 May
<1
3
<300
9 May
<1
3
<300
28
June
<1
1
<300
29
June
1
3
<300
30
June
<1
7
<300
121
44°19'33"
81°36'50"
30
April
<1
4
<300
2
May
1
3
<300
9
May
<1
3
<300
28
June
<1
1
<300
29
June
<1
2
<300
30
June
<1
1
<300
122
44°20'02"
81°36'45"
30
April
<1
3
<300
2
May
<1
3
5001200
9
May
<1
3
<300
28
June
<1
1
<300
29
June
<1
2
2800:200
30
June
<1
1
<300
123
44°20'55"
81°34'36"
30
April
<1
4
<300
2
May
<1
4
8001200
9
May
<1
3
8002200
28
June
<1'
2
<300
29
June
<1
2
<300
30
June
<1
1
<300
364
44°19'03"
81°36'50"
30
April
<1
3
<300
2
May
<1
4
<3OO
9
May
<1
3
<300
28
June
1
2
<300
29
June
<1
1
15002200
30
June
2
9
<300
371
44°19'33"
81°36'27"
30
April
<1
3
6001200
2
May
<1
3
9003200
9
May
<1
3
<300
28
June
<1
8
<300
29
June
1
6
<300
30
June
<1
1
<300
373
44°20'54"
81°35'21"
30
April
<1
4-
<300
2
May
<1
3
4003200
9
May
<1
3
<300
28
June
<1
4
58003200
29
June
<1
2
<300
30
June
<1
1
<300
       
3. Information
from
Reference
(26)
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 TABLE 16
NORTH CHANNEL - SERPENT RIVER SURFACE WATER, 1976a
 
STATION DATE GROSS a GROSS B 226Ra 238U
pCi/Q pCi/Q pCi/l ug/R
0n S
erpe
nt R
iver
at
18 J
an.
15
15
6
<10
Hwy.
17
bri
dge
,
8 F
eb.
15
15
6
<10
8.4
km
ups
tre
am
15
Mar
ch
15
13
A
<10
from harbour
  
 
 
 
a. Information from Reference (26)
     
 
   
TABLE 17
a
LAKE ERIE INSHORE SURFACE WATER
CONCENTRATION IN pCi/R
SAMPLING STATION
SO
UR
CE
LO
CA
TI
ON
NU
MB
ER
PE
RI
OD
GR
OS
S
B
9°
Sr
3H
En
ri
co
Fe
rm
i
Po
in
te
Au
x
Pe
au
x
SE—
2
197
6
5:2
—
40
01
20
0
Enr
ico
Fer
mi
Pla
nt
SE—
3
197
6
5:2
—
350
:20
0
Es
tr
al
Be
ac
h
SE-
A
197
6
5:2
—
34
0:
20
0
Sw
an
Cr
ee
k
Mo
ut
h
SE
—8
19
76
5:
2
—
33
0:
20
0
Fer
mi
Pla
nt
Int
ake
SE—
9
197
6
4:2
-
330
:20
0
Nu
cl
ea
r
Fu
el
St
ur
ge
on
Pt
.
In
ta
ke
19
75
<3
1.
07
:0
.0
7
33
0:
30
Se
rv
ic
es
19
76
3.
8
—
43
0:
20
0
Du
nk
ir
k
In
ta
ke
19
75
<4
0.
96
:0
.0
6
33
0:
30
1976 3.5 - 370:200
a.
In
fo
rm
at
io
n
fr
om
Re
fe
re
nc
es
(2
0)
an
d
(2
2)
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TABLE 18
a
#
5
LAKE
ONTARIO
OPEN
WATERS
L
i
STATION
DEPTH
CONCENTRATION
IN
pCi/R
NORTH
WEST
IN
LATITUDE
LONGITUDE
METRES
DATE
1 3 70s
12
5Sb
43°15'39"
79°11'39"
1
3
Dec.
76
0.018:0.003
<0.010
43°22'54"
77°17'54"
1
4
Dec.
76
0.023:0.004
0.023i0.011
43°43'56"
77°01'06"
1
6
Dec.
76
0.014:0.003
0.038:0.008
a.
Information
from
Reference
(21)
TABLE 19
L
A
K
E
O
N
T
A
R
I
O
F
I
S
H
(
R
A
I
N
B
O
W
T
R
O
U
T
)
,b
F
R
O
M
M
O
U
T
H
O
F
G
A
N
A
R
A
S
K
A
RIVER":1
MASS
OF
pCi/kg
WHOLE
FISH
SEX
(wet
weight)C
(kg)
137Cs
10.00
—
76:3
2.77
Male
53:3
2.50
Male
51:3
3.00
Male
69:3
2.45
Male
85:5
3.40
Female
68:3
3.18
Female
62:3
3.81
Female
62:5
3.00
Female
65:4
    
I
n
f
o
r
m
a
t
i
o
n
f
r
o
m
R
e
f
e
r
e
n
c
e
(21)
Collection
date
17
April
1976
c.
Analyses
performed
on
a
homogenized
300
to
400
g
sample
of
posterior
section of fish.
0
‘
!
”
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 TABLE 20
m
LAKE ONTARIO SURFACE WATER NEAR PORT HOPE, 1976a
     
   
“32
:3;
0:5
2:8
8
:2
3:
:3
3
Insi
de P
ort
Hope
06—0
9—02
9—1
8 Ma
y
161
30
1
b
Harb
our
8 Ju
ly
48
39
2
b
06-
09—
029
-2
9 Ju
ne
156
30
1
100
8 July 40 42 <1 49
06—
09-
029
-3
9 J
une
251
45
l
170
8 Ju1y 21 26 1 28
06—
10-
001
—1
8 M
ay
302
45
l
170
8 July 122 203 2 98
06—
10-
001
—2
8 M
ay
852
150
2
600
8 J
uly
141
207
l
150
06-
10—
001
-3
8 M
ay
561
100
2
390
8 J
uly
16
22
2
l6
06-
10—
001
—4
8 M
ay
201
45
2
130
8 J
uly
43
37
1
30
Out
sid
e P
ort
Hop
e
06—
10-
001
—05
8 M
ay
5
5
1
<10
Ha
rb
ou
r
8 J
ul
y
22
l5
2
l7
06
-1
0-
00
1-
06
8
Ma
y
90
18
1
55
8
Ju
ly
11
13
2
17
06
-1
0-
00
1-
07
8 M
ay
4
l
<10
8 J
uly
1
4
1
<10
a. Information from Reference (26)
b. Not analyzed
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TABLE 21
LAKE
ONTARIO
SURFACE
WATER
OFF
WELCOME
a
AND
PORT
GRANBY
DUMPS,
1976
MOE
STATION
GROSS
a
GROSS
8
226Ra
238U
LOCATION
NUMBER
DATE
pCi/Q
pCi/R
pCi/R
Ug/R
Off
Welcome
Dump
O6—ll-OOl—Ol
8
May
1
4
<1
<10
8
July
<1
2
l
<10
06—11—001—02
8
May
1
3
1
<10
8
July
<1
2
2
<10
06—11-001—03
8
May
<1
3
l
<10
July
<1
3
<1
<10
Off
Port
Granby
06—11—002—01
8
May
1
5
1
<10
Dump
8
July
1
3
2
<10
06—11—002—02
8
May
<1
3
<1
<10
8
July
1
3
2
<10
06—11—002—03
8
May
<1
3
<1
<10
8
July
5
6
2
<10
a.
Information
from
Reference
(26)
28
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TABLE 22
LAKE ONTARIO INSHORE SURFACE WATER NEAR PICKERING, 197661
S T A T I O N CONCENTRATION IN pCi/l
NORTH WEST
NUMBER LATITUDE LONGITUDE DATE GROSS a GROSS B 3H
237 43°48'25" 79°04'12" 3 March 2 11 1,200’1200
26 June <1 3 <3OO
27 June <1 2 <300
28 June <1 2 <300
30 October <1 4 <300
31 October <1 4 <3OO
1 November <1 3 <300
698 43°48'19" 79°05'52" 3 March 2 7 1,2001200
26 June <1 3 <3OO
27 June <1 3 <3OO
28 June <1 3 <3OO
30 October 1 4 <300
31 October 1 3 <300
1 November 1 4 <300
699 43°48'36" 79°04'44" 3 March 1 8 1,100t200
26 June <1 2 <300
27 June <1 2 <300
28 June <1 3 <300
30 October <1 4 <3OO
31 October 1 4 <300
1 November 1 4 <3OO
992 43°48'12" 79°04'36" 3 March 1 6 1,100i200
26 June <1 3 <300
27 June <1 2 <300
28 June <1 2 <300
30 October <1 3 <300
31 October <1 3 <3OO
1 November <1 3 <3OO
996
43°4
7'59
"
79°0
3'12
"
3 Ma
rch
1
7
800:
200
26 June <1 3 <300
27 June <1 2 <300
28 June <1 2 <3OO
30 October <1 3 <300
31 October <1 3 <300
1 November <1 3 <300
103
2
43°
48'
22"
79°
03'
21"
3 M
arc
h
4
8
1,5
00i
200
26 June <1 2 <300
27 June <1 3 <300
28 June <1 3 <300
30 October <1 3 <300
31 October <1 3 <300
1 N
ove
mbe
r
<1
3
<30
0
(
108
6
43°
48'
32"
79°
04'
29"
3 M
arc
h
4
5
900
:20
0
26 June <1 2 <300
27 June <1 3 <300
28 June <1 3 <300
30 October <1 3 <300
31
Oc
to
be
r
1
3
<30
0
1 November <1 3 <300
108
7
43°
48'
26"
79°
04'
17"
3 M
arc
h
1
6
1,2
00t
200
26
Jun
e
<1
2
<30
0
27 June <1 3 <3OO
28 June <1 3 <300
30 October <1 2 <3OO
31
Oc
to
be
r
<1
3
<30
0
1 November 1 4 <300
a.
In
fo
rm
at
io
n
fr
om
Re
fe
re
nc
e
(2
6)
2—9
 
           
TABLE 23
LAKE ONTARIO FISH IN VICINITY OF
a
NUCLEAR STATIONS IN NEW YORK STATE
CONCENTRATION IN pCi/kg (WET WEIGHT)b
COLLECTION
LOCATION
TYPE
DATE
9 °Sr
13 7Cs
13 “Cs
5 000
5 1+Mn
Nine Mile
Bottom Feeder
23 Nov.
74
49:4
360:11
140:8
—
14:12
Point
Top
Feeder
23 Nov.
74
25:3
190:10
47:8
—
—
Top
Feeder
21 May
75
75:9
148:12
17:8
<13
-
Bottom Feeder
21 May
75
34:5
550:28
340:20
190:23
60:22
Top
Feeder
9
Oct.
75
23:5
620:31
330:23
—
—
Bottom
Feeder
9
Oct.
75
21:2
220:15
111:13
-
-
Ginna
Top
Feeder
23
May
75
115:15
143:11
13:8
-
-
Bottom
Feeder
23
May
75
54:5
72:12
<10
—
—
a.
Information
from
Reference
(20)
b.
Analyses
performed
on
homogenized
fish.
Fish
gutted
but
head
not
removed.
 TABLE 24
LA
KE
ON
TA
RI
O
AQ
UA
TI
C
VE
GE
TA
TI
ON
IN
VI
CI
NI
TY
OF
NU
CL
EA
R
ST
AT
IO
NS
IN
NE
W
YO
RK
ST
AT
E,
19
75
a
 
42%
        
 
  
 
   
CONCENTRATION IN pCi/kg
COLLECTION
LO
CA
TI
ON
DA
TE
13
7C
s
13
“C
S
95
Zr
6°
cO
5“
Mn
De
ms
te
r
Be
ac
h
18
No
ve
mb
er
52
0:
26
39
0:
23
—
17
0:
22
50
:2
1
On
ta
ri
o
Ce
nt
er
8
Au
gu
st
21
:1
1
<9
52
:1
3
—
Ontario Water
Tr
ea
tm
en
t
Pl
an
t
8
Au
gu
st
12
:5
<5
38
:7
<6
8.
In
fo
rm
at
io
n
fr
om
Re
fe
re
nc
e
(2
0)
TABLE 25
a
L
A
K
E
O
N
T
A
R
I
O
W
A
T
E
R
I
N
T
A
K
E
S
CC
NC
EN
TR
AT
IO
N
IN
DC
i/
l
LO
CA
TI
ON
DA
TE
GR
OS
S
B
9°
Sr
13
7C
S
3H
On
ta
ri
o,
Ne
w
Yo
rk
19
75
<4
1.
06
:0
.0
5
—
46
6:
47
19
76
3.
8
—
—
33
7:
20
0
Os
we
go
,
Ne
w
Yo
rk
19
75
4
—
—
38
6:
20
0
19
76
3.
2
-
—
33
3:
20
0
De
ms
te
r
Be
ac
h,
Ne
w
Yo
rk
19
75
5
—
—
38
9:
20
0
19
76
5.
3
-
—
40
0:
20
0
Aj
ax
,
On
ta
ri
o
19
76
—
0.
82
0.
09
<3
50
:2
00
Pi
ck
er
in
g,
On
ta
ri
o
19
76
—
0.
82
0.
04
<3
50
12
00
To
ro
nt
o,
On
ta
ri
o
19
76
—
0.
84
0.
05
<3
50
12
00
 
a.
In
fo
rm
at
io
n
fr
om
Re
fe
re
nc
es
(20), (25), and (27)
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 WSIIINIHBANBI III MIINIIIIIIINE llAIA
LAKE SUPERIOR
Lak
e
Sup
eri
or
is
the
onl
y
lak
e
in
the
Gre
at
Lak
es
sys
tem
wit
h n
o n
ucl
ear
dev
elo
pme
nt
alo
ng
its
sho
rel
ine
.
The
rad
ioa
cti
vit
y
inp
uts
are
two
fol
d,
nat
ura
l
we
at
he
ri
ng
an
d
fa
ll
ou
t
fr
om
nu
cl
ea
r
we
ap
on
s
te
st
in
g.
Th
e
an
al
yt
ic
al
da
ta
for
th
e
op
en
wa
te
rs
gi
ve
n
in
Ta
bl
e
10
sh
ow
th
at
th
e
137
Cs
le
ve
l
in
19
76
ha
s
dr
op
pe
d
ap
pr
ec
ia
bl
y
fr
om
th
at
of
19
74
wh
ic
h
is
th
e
la
st
ye
ar
for
wh
ic
h
da
ta
ar
e
av
ai
l-
ab
le
.
Th
e
19
76
av
er
ag
e
va
lu
e
is
0.
05
1
pC
i/
R
co
mp
ar
ed
wi
th
0.
07
6
pC
i/
l
fo
r
19
74
(l)
wi
th
no
re
al
di
ff
er
en
ce
fr
om
su
rf
ac
e
to
bo
tt
om
.
Th
is
dr
op
in
137
Cs
is
du
e
to
sc
av
en
gi
ng
an
d
se
di
me
nt
at
io
n
fr
om
th
e
wa
te
r
co
lu
mn
.
Le
ve
ls
of
125
5b,
wi
th
a
2.
7-
ye
ar
ha
lf
lif
e,
ra
ng
e
fr
om
be
lo
w
th
e
de
te
ct
io
n
li
mi
t
of
0.
01
pC
i/
Z
to
no
t
ve
ry
mu
ch
ig
he
r.
Th
e
hi
gh
er
va
lu
es
ar
e
si
mi
la
r
to
th
os
e
fo
un
d
in
19
74
.
No
1M
Ce
wa
s
ob
se
rv
ed
in
19
76
wh
il
e
va
lu
es
ju
st
ab
ov
e
th
e
de
te
ct
io
n
le
ve
l
we
re
re
po
rt
ed
fo
r
19
74
.
Th
e
28
5—
da
y
ha
lf
li
fe
of
th
is
ra
di
on
uc
li
de
wo
ul
d
ac
co
un
t
fo
r
it
s
de
ca
y
to
be
lo
w
de
te
ct
ab
le
le
ve
ls
as
su
mi
ng
no
fu
rt
he
r
in
pu
t
oc
cu
rr
ed
.
Th
e
le
ve
l
of
90
Sr
wa
s
no
t
me
as
ur
ed
du
ri
ng
19
76
so
no
ev
al
u—
at
io
n
of
th
e
ra
di
at
io
n
do
se
to
an
in
di
vi
du
al
dr
in
ki
ng
La
ke
Su
pe
ri
or
wa
te
r
ca
n
be
ma
de
as
th
e
90
Sr
is
th
e
ma
jo
r
co
nt
ri
bu
to
r.
LAKE MICHIGAN
Si
x
nu
cl
ea
r
ge
ne
ra
ti
ng
st
at
io
ns
cu
rr
en
tl
y
op
er
at
e
on
La
ke
Mi
ch
ig
an
sh
or
es
.
Ta
bl
es
11
an
d
12
gi
ve
th
e
ra
di
ol
og
ic
al
mo
ni
to
ri
ng
da
ta
ob
ta
in
ed
at
th
e
so
ur
ce
co
nt
ro
l
ar
ea
s
an
d
at
se
le
ct
ed
dr
in
ki
ng
wa
te
r
in
ta
ke
s.
3H
le
ve
ls
ar
e
si
mi
la
r
to
19
74
,
av
er
ag
in
g
ab
ou
t
35
0
pC
i/
R,
wh
il
e
th
e
ot
he
r
me
as
ur
ed
pa
ra
me
te
r,
gr
os
s
B,
do
es
no
t
in
di
ca
te
an
y
ma
jo
r
re
le
as
e
of
ra
di
oa
ct
iv
e
ma
te
ri
al
fr
om
an
y
of
th
e
nu
cl
ea
r
st
at
io
ns
.
As
th
er
e
we
re
no
ad
eq
ua
te
me
as
ur
em
en
ts
of
an
y
ra
di
on
uc
li
de
s
ot
he
r
th
an
3H
ma
de
du
ri
ng
19
76
in
La
ke
Mi
ch
ig
an
,
no
co
mp
le
te
ev
al
ua
ti
on
ca
n
be
ma
de
of
th
e
ra
di
ol
og
ic
al
do
se
to
an
in
di
vi
du
al
dr
in
ki
ng
th
e
wa
te
r.
LA
KE
HU
RO
N,
GE
OR
GI
AN
BA
Y,
AN
D
NO
RT
H
CH
AN
NE
L
Un
it
s
1
an
d
2
of
th
e
Br
uc
e
nu
cl
ea
r
ge
ne
ra
ti
ng
st
at
io
n
co
mm
en
ce
d
op
er
at
io
n
ne
ar
th
e
en
d
of
19
76
at
th
e
sa
me
si
te
as
th
e
Do
ug
la
s
Po
in
t
nu
cl
ea
r
st
at
io
n.
Th
e
mo
ni
to
ri
ng
da
ta
fr
om
th
e
so
ur
ce
co
nt
ro
l
ar
ea
ar
e
sh
ow
n
in
Ta
bl
e
15
.
Th
e
oc
ca
si
on
al
hi
gh
3H
le
ve
l
oc
cu
rr
ed
at
so
me
st
at
io
ns
th
ro
ug
ho
ut
th
e
su
rv
ei
ll
an
ce
pe
ri
od
bu
t
on
ly
on
e
va
lu
e,
5,
80
0
pC
i/
l
on
Ju
ne
28
,
19
76
at
st
at
io
n
37
3,
wo
ul
d
ex
ce
ed
th
e
pr
op
os
ed
1
mr
em
ob
je
ct
iv
e.
Us
in
g
th
e
do
se
co
nv
er
si
on
fa
ct
or
in
Ch
ap
te
r
3
fo
r
3H
,
th
is
wo
ul
d
gi
ve
l.
l
mr
em
if
it
co
nt
in
ue
d
fo
r
on
e
ye
ar
.
In
po
in
t
of
fa
ct
,
it
dr
op
pe
d
to
am
bi
en
t
le
ve
l
th
e
ne
xt
da
y.
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The
results
for
226Ra
at
the
mouth
of
the
Serpent
River
(Table
16),
which
drains
the
Elliot
Lake
uranium
mining
area
to
the
North
Channel,
are
still
higher
than
Ontario's
criterion
of
3
pCi/ﬁ
for
public
surface
water
supplies.
The
annual
radiological
dose
(TEDSO)
to
the
bone
of
an
individual
drinking
the
water
at
that
point
at
an
average
concentration
of
5.3
pCi/Q
would
be
22
mrem
using
the
conversion
factor
from
Chapter
3.
This
dose
is
higher
than
the
15
mrem
maximum
allowed
to
endosteal
cells
of
bone
at
the
periphery
of
a
source
control
area
as
derived
from
the
action
level
specified
in
the
proposed
radio—
activity objective.
The
908r
level
for
Lake
Huron
can
be
taken
from
an
average
of
the
results
for
the
two
public
water
intakes
in
Table
14
to
be
0.73
pCi/R.
The
annual
dose
to
bone
marrow
at
this
level
would
be
0.4
mrem
which
is
below
the
objec—
tive
of
l
mrem
for
ambient
lake
water.
The
levels
of
137Cs
for
open
waters
of
Lakes
Huron
and
St.
Clair
(Table
13)
are
appreciably
lower
than
the
corresponding
values
for
1974.
The
1974
average
for
Lake
Huron
was
0.045
pCi/R
while
Lake
St.
Clair
was
0.090
pCi/Q.
The
1976
values
are
0.025
and
0.018
pCi/l,
respectively.
The
125Sb
values
show
similar
decreases
from
1974
also.
The
limnological
process
of
scavenging
and
sedimentation
of
these
radionuclides
by
biomass
production
and
decay
now
appear
to
be
removing
them
from
the
water
column
faster
than
they
are
being
replenished by fallout.
LAKE ERIE
Although
there
are
no
operating
nuclear
generating
stations
on
the
Lake
Erie
shoreline,
radiological
monitoring
is
carried
out
at
the
west
end
of
the
lake
near
the
decommissioned
Enrico
Fermi
fast
breeder
site
and
at
the
east
end
of
the
lake
near
the
mouth
of
Cattaraugus
Creek
which
drains
the
Nuclear
Fuel
Services
site
at
West
Valley,
New
York.
The
data
in
Table
17
show
no
detectable
effect
on
3H
and
gross
8
levels
in
the
lake
at
these
sites
for
1975
and
1976.
The
average
90Sr
level
for
1975
of
1.02
pCi/R
is
similar
to
that
for
1974
of
0.99
pCi/l
and
would
lead
to
an
annual
bone
marrow
dose
of
0.5
mrem.
LAKE ONTARIO
Four
nuclear
generating
stations
are
currently
operating
on
Lake
Ontario's
shores
using
the
lake
water
for
cooling
and
dilution
of
radioactive
waste
discharges.
Also,
uranium
oxide
is
refined
at
Port
Hope,
Ontario,
for
use
as
fuel;
UF6
is
also
produced
for
export.
The
process
wastes
are
disposed
of
at
a
shoreline
site
near
Port
Granby,
about
15
km
west
of
Port
Hope.
The
226Ra
results
in
Tables
20
and
21
show
that
levels
did
not
exceed
Ontario's
criterion
of
3
pCi/l
either
in
Port
Hope
harbour
or
in
the
lake
near
the
Port
Granby
and
Welcome
disposal
areas
during
1976.
The
137Cs
levels
at
three
public
water
intakes
in
the
vicinity
of
the
Pickering
nuclear
generating
station
(Table
25)
range
from
0.04
to
0.09
pCi/Q.
These
values
are
higher
than
the
0.018
pCi/ﬂ
average
for
the
open
waters
of
Lake
Ontario
(Table
18)
and
may
reflect
the
influence
of
the
nuclear
station
discharge.
However,
since
no
13"Cs
data
are
available
for
establishing
the
origin
of
the
radiocesiums,
no
firm
con-
clusion
can
be
drawn.
The
9°Sr
average
for
these
three
intakes
is
0.83
pCi/l
which
34
 converts to a TED50 of 0.4 mrem for 1976. A water intake at Ontario on the
New York shoreline of Lake Ontario, was analyzed for 9OSr in 1975; the value
of 1.06 pCi/R is slightly higher than the Pickering area values. This dif-
ference may not be statistically significant. It shOuld be pointed out that
high reliability in 90Sr analysis is important at these levels since the
current dose is 40% of the proposed ambient objective.
Results for 3H off the Pickering site during 1976 are seen from Table 22
to be below the detection limit of 300 pCi/Q except for one set of samples in
March which were slightly elevated.
Table 19 shows that rainbow trout taken from the mouth of the Ganaraska
River near Port Hope in Ontario have reasonably low levels of 137Cs. The
average for the nine fish is 66 pCi/kg which, when divided by the average open
water concentration of 0.018 pCi/Q, gives a biomagnification factor of 3600.
Fish taken from the vicinity of the New York nuclear generating stations
(Tab
le 2
3) S
how
the
pres
ence
of
134C
s, a
reac
tor—
prod
uced
radi
onuc
lide
not
pres
ent
in f
allo
ut,
and
in s
ome
case
s 60
Co a
nd 5
“Mn.
Thes
e ra
dion
ucli
des
have
been
inge
sted
by t
he f
ish
eith
er f
rom
the
wate
r,
from
lowe
r tr
ophi
c sp
ecie
s,
or
fro
m t
he
sed
ime
nts
in
the
vic
ini
ty
of
the
nuc
lea
r w
ast
e d
isc
har
ges
fro
m
the
se
nuc
lea
r s
tat
ion
s.
The
lev
els
are
not
hig
h e
nou
gh
to
be
of
con
cer
n.
Sim
ila
r b
iom
agn
ifi
cat
ion
of
the
se
rad
ion
ucl
ide
s b
y a
qua
tic
veg
eta
tio
n c
an
be
seen from the results in Table 24.
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Alt
hou
gh
lim
ite
d i
n r
ega
rd
to
ide
nti
fie
d r
adi
onu
cli
de
con
cen
tra
tio
ns,
the
dat
a a
vai
lab
le
fro
m a
ll
the
Gre
at
Lak
es
mon
ito
rin
g p
rog
ram
s d
uri
ng
197
6 i
ndi
cat
e
tha
t f
all
out
fro
m w
eap
ons
tes
tin
g i
s s
til
l t
he
sou
rce
of
ess
ent
ial
ly
all
man
—
mad
e r
adi
onu
cli
des
in
the
aqu
ati
c e
cos
yst
em.
Mon
ito
rin
g o
f s
ome
nuc
lea
r
fac
ili
tie
s'
sou
rce
con
tro
l a
rea
s w
ith
sel
ect
ive
and
sen
sit
ive
rad
ioc
hem
ica
l
ana
lys
es
hav
e s
how
n l
oca
l i
ncr
eas
es
in
rad
ion
ucl
ide
lev
els
in
wat
er
and
bio
ta
due
to
rad
ioa
cti
ve
was
te
dis
cha
rge
s.
The
se
loc
al
inc
rea
ses
are
not
abo
ve
the
lim
its
del
ine
ate
d i
n t
he
pro
pos
ed
rad
ioa
cti
vit
y w
ate
r q
ual
ity
obj
ect
ive
.
The
ave
rag
e c
onc
ent
rat
ion
of
the
nat
ura
lly
occ
urr
ing
rad
ion
ucl
ide
226
Ra
at
the
mou
th
of
the
Ser
pen
t R
ive
r o
n L
ake
Hur
on'
s N
ort
h C
han
nel
is
5.3
pCi
/R.
Thi
s c
onc
ent
rat
ion
is
sti
ll
hig
her
tha
n
Ont
ari
o's
cri
ter
ion
of
3 p
Ci/
R f
or
thi
s
rad
ion
ucl
ide
in
pub
lic
sur
fac
e
wat
er
sup
pli
es;
lev
els
are
ess
ent
ial
ly
unc
han
ged
fro
m
197
5
(1)
.
Thi
s
is
the
onl
y
loc
ati
on
in
the
Gre
at
Lak
es
whi
ch
is
in
vio
lat
ion
of
reg
ula
tor
y
cri
ter
ia
for
rad
ioa
cti
vit
y a
nd
the
pro
pos
ed
objective.
Th
e
ot
he
r
lo
ca
ti
on
s
wh
er
e
22
6R
a
wa
st
es
ha
ve
be
en
di
sp
os
ed
of,
at
Po
rt
Ho
pe
an
d
Po
rt
Gr
an
by
on
th
e
La
ke
On
ta
ri
o
sh
or
el
in
e,
we
re
mo
ni
to
re
d
fo
r
22
6R
a
bu
t
re
su
lt
s
we
re
al
l
lo
we
r
th
an
th
e
On
ta
ri
o
cr
it
er
io
n.
In
the
Fi
rs
t
An
nu
al
Re
po
rt
of
th
e
Ra
di
oa
ct
iv
it
y
Su
bc
om
mi
tt
ee
(R
ef
er
en
ce
(1)
,
pa
ge
37)
,
it
ap
pe
ar
ed
th
at
on
e
me
as
ur
em
en
t
in
19
75
of
f
Po
rt
Gr
an
by
ha
d
ex
ce
ed
ed
th
e
On
ta
ri
o
pu
bl
ic
su
rf
ac
e
wa
te
r
su
pp
ly
cr
it
er
io
n
wh
en
in
fac
t,
th
e
me
as
ur
em
en
t
eq
ua
ll
ed
the
3
pCi
/Q
cri
ter
ion
as
Tab
le
17
of
Ref
ere
nce
(1)
sho
wed
.
Th
e
an
nu
al
ra
di
ol
og
ic
al
do
se
to
an
in
di
vi
du
al
dr
in
ki
ng
th
e
wa
te
r
of
th
e
Gr
ea
t
La
ke
s
is
st
il
l
es
se
nt
ia
ll
y
al
l
du
e
to
fa
ll
ou
t
90
Sr
;
he
nc
e,
th
e
cr
it
ic
al
ti
ss
ue
is
bo
ne
ma
rr
ow
.
Th
e
va
lu
e
is
0.
4
mr
em
fo
r
La
ke
Hu
ro
n,
0.
5
mr
em
fo
r
La
ke
Er
ie
,
an
d
0.
4
mr
em
fo
r
La
ke
On
ta
ri
o.
Cu
rr
en
t
le
ve
ls
of
90
Sr
in
La
ke
s
Su
pe
ri
or
an
d
Mi
ch
ig
an
ha
ve
no
t
be
en
me
as
ur
ed
so
th
e
19
76
TE
Ds
o
va
lu
es
ca
nn
ot
be
de
te
rm
in
ed
.
Ho
we
ve
r,
th
ey
ar
e
no
t
ex
pe
ct
ed
to
be
ve
ry
di
ff
er
en
t
fr
om
th
e
le
ve
ls
of
19
73
(2
8)
wh
ic
h
wo
ul
d
gi
ve
TE
Ds
o
va
lu
es
of
0.
3
mr
em
an
d
0.
4
mr
em
,
respectively.
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Q
H
E
B
I
I
M
M
E
N
I
I
M
I
I
I
N
S
Th
e
Ra
di
oa
ct
iv
it
y
Su
bc
om
mi
tt
ee
co
nt
in
ue
s
to
re
co
mm
en
d
th
at
bo
th
Pa
rt
ie
s
to
th
e
Ca
na
da
—U
.S
.
Wa
te
r
Qu
al
it
y
Ag
re
em
en
t
ta
ke
sw
if
t
ac
ti
on
to
ra
ti
fy
th
e
pr
op
os
ed
ra
di
oa
ct
iv
it
y
wa
te
r
qu
al
it
y
ob
je
ct
iv
e.
Th
e
su
bc
om
mi
tt
ee
ur
ge
nt
ly
re
co
mm
en
ds
th
e
fe
de
ra
l,
st
at
e,
an
d
pr
ov
in
ci
al
ag
en
ci
es
en
ga
ge
d
in
en
vi
ro
nm
en
ta
l
mo
ni
to
ri
ng
pr
og
ra
ms
on
th
e
Gr
ea
t
La
ke
s
to
up
gr
ad
e
th
ei
r
ra
di
ol
og
ic
al
pr
og
ra
ms
to
pr
od
uc
e
da
ta
on
ac
tu
al
le
ve
ls
of
th
e
re
co
mm
en
de
d
ra
di
on
uc
li
de
s
sp
ec
if
ie
d
in
th
is
re
po
rt
.
On
ly
th
en
ca
n
th
e
im
pa
ct
of
nu
cl
ea
r
po
we
r
de
ve
lo
pm
en
t
on
th
e
Gr
ea
t
La
ke
s
be
me
as
ur
ed
.
Th
e
su
bc
om
mi
tt
ee
re
co
mm
en
ds
th
at
mu
ni
ci
pa
l
wa
st
e
wa
te
r
di
sc
ha
rg
es
be
in
cl
ud
ed
in
fu
tu
re
ra
di
ol
og
ic
al
su
rv
ei
ll
an
ce
ac
ti
vi
ti
es
in
or
de
r
to
as
se
ss
th
e
p
o
t
e
n
t
i
a
l
im
pa
ct
of
re
le
as
es
fr
om
me
di
ca
l,
ed
uc
at
io
na
l,
an
d
in
du
st
ri
al
us
er
s
of radionuclides.
Th
e
s
ub
c
o
m
m
i
t
t
e
e
st
ro
ng
ly
re
co
mm
en
ds
th
at
bo
th
Pa
rt
ie
s
su
bs
ta
nt
ia
ll
y
i
n
c
r
e
a
s
e
th
ei
r
c
o
n
t
r
i
b
ut
i
o
n
s
to
th
e
re
so
ur
ce
s
re
qu
ir
ed
to
up
gr
ad
e
th
es
e
r
a
d
i
o
l
o
g
i
c
a
l
s
ur
ve
i
l
l
a
n
c
e
pr
og
ra
ms
.
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ll.
 
"G
re
at
La
ke
s
Wa
te
r
Qu
al
it
y
Fo
ur
th
An
nu
al
Re
po
rt
",
Ap
pe
nd
ix
D,
An
nu
al
Re
po
rt
of
th
e
Ra
di
oa
ct
iv
it
y
Su
bc
om
mi
tt
ee
to
th
e
Im
pl
em
en
ta
ti
on
Co
mm
it
te
e
of
th
e
Gr
ea
t
La
ke
s
Wa
te
r
Qu
al
it
y
Bo
ar
d,
Windsor, Ontario], June 1976.
[International Joint Commission,
"R
ef
in
ed
Ra
di
oa
ct
iv
it
y
Ob
je
ct
iv
e
fo
r
th
e
Gr
ea
t
La
ke
s
Wa
te
r
Qu
al
it
y
Ag
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em
en
t"
,
Fe
de
ra
l
Re
gi
st
er
,
42
(6
5)
,
l8
17
l(
Ap
ri
1
5,
19
77
).
"N
at
io
na
l
Pr
im
ar
y
Dr
in
ki
ng
Wa
te
r
Re
gu
la
ti
on
s"
,
Ap
pe
nd
ix
B
-
Ra
di
on
uc
li
de
s,
Ap
pe
nd
ix
IV
-
Do
si
me
tr
ic
Ca
lc
ul
at
io
ns
fo
r
Ma
n—
Ma
de
Ra
di
oa
ct
iv
it
y,
U.
S.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
,
Wa
sh
in
gt
on
,
D.
C.
,
19
77
.
Pe
rs
on
al
co
mm
un
ic
at
io
n
to
M.
P.
Br
at
ze
l,
Jr
.,
Se
cr
et
ar
y
to
th
e
Ra
di
o—
ac
ti
vi
ty
Su
bc
om
mi
tt
ee
,
fr
om
D.
A.
Ma
rs
de
n,
Oc
cu
pa
ti
on
al
He
al
th
Br
an
ch
,
On
ta
ri
o
Mi
ni
st
ry
of
La
bo
ur
,
15
Ov
er
le
a
Bl
vd
.,
To
ro
nt
o,
On
ta
ri
o,
Fe
br
ua
ry
28
,
19
77
.
Ca
lc
ul
at
io
ns
pr
ep
ar
ed
by
Dr
.
J.
Mu
ll
er
,
Ja
nu
ar
y
7,
19
75
.
"R
ec
om
me
nd
at
io
ns
of
th
e
In
te
rn
at
io
na
l
Co
mm
is
si
on
on
Ra
di
ol
og
ic
al
Pr
ot
ec
ti
on
",
IC
RP
Pu
bl
ic
at
io
n
9,
Pe
rg
am
on
Pr
es
s,
Ne
w
Yo
rk
,
19
65
.
"G
re
at
La
ke
s
Wa
te
r
Qu
al
it
y
Ag
re
em
en
t"
,
wi
th
An
ne
xe
s
an
d
Te
xt
s
an
d
Te
rm
s
of
Re
fe
re
nc
e,
be
tw
ee
n
th
e
Un
it
ed
St
at
es
of
Am
er
ic
a
an
d
Ca
na
da
.
Si
gn
ed
at
Ot
ta
wa
Ap
ri
l
15
,
19
72
.
Tr
ea
ti
es
an
d
Ot
he
r
In
te
rn
at
io
na
l
Ac
ts
Se
ri
es
73
12
,
U.
S.
Go
ve
rn
me
nt
Pr
in
ti
ng
Of
fi
ce
,
Wa
sh
in
gt
on
,
D.
C.
20
40
2.
"C
an
ad
ia
n
Dr
in
ki
ng
Wa
te
r
St
an
da
rd
s
an
d
Ob
je
ct
iv
es
,
19
68
",
De
pa
rt
me
nt
of
Na
ti
on
al
He
al
th
an
d
We
lf
ar
e,
Ot
ta
wa
,
Oc
to
be
r
19
69
.
"S
ta
te
of
Mi
ch
ig
an
Wa
te
r
Qu
al
it
y
St
an
da
rd
s”
,
Ge
ne
ra
l
Ru
le
s,
Mi
ch
ig
an
De
pa
rt
me
nt
of
Na
tu
ra
l
Re
so
ur
ce
s,
La
ns
in
g,
Oc
to
be
r
11
,
19
73
.
"W
at
er
Po
ll
ut
io
n
Co
nt
ro
l
Re
gu
la
ti
on
s
15
an
d
25
,
19
73
",
Do
cu
me
nt
Se
ct
io
n,
Ro
om
14
0,
Ce
nt
en
ni
al
Bu
il
di
ng
,
65
8
Ce
da
r
St
re
et
,
Sa
in
t
Pa
ul
,
Mi
nn
es
ot
a.
"W
at
er
Qu
al
it
y
St
an
da
rd
s
fo
r
Wi
sc
on
si
n
Su
rf
ac
e
Wa
te
rs
",
Re
gi
st
er
,
No
.
23
5,
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
,
Wi
sc
on
si
n
De
pa
rt
me
nt
of
Na
tu
ra
l
Re
so
ur
ce
s,
Madison, July 1975.
"G
ui
de
li
ne
s
an
d
Cr
it
er
ia
fo
r
Wa
te
r
Qu
al
it
y
Ma
na
ge
me
nt
in
On
ta
ri
o"
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On
ta
ri
o
Mi
ni
st
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of
th
e
En
vi
ro
nm
en
t,
To
ro
nt
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Ju
ly
19
74
.
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